This article provides an overview of the ways in which the home environment can affect human health, describes how specific health hazards in housing are related, and considers implications of these concerns for research and programs to address the health-housing connection. The widespread availability of decent housing has contributed greatly to improvements in health status in developed countries through, for example, provision of safe drinking water, proper sewage disposal, and protection from the elements. However, a lack of decent housing and homelessness among a significant number of Americans remains a significant public health concern. In addition, a number of specific health hazards can be found even in housing that is in good condition and provides all basic amenities. Specific health hazards related to housing include unintentional injuries, exposure to lead, exposure to allergens that may cause or worsen asthma, moisture and fungi (mold), rodent and insect pests, pesticide residues, and indoor air pollution. A number of these specific hazards share underlying causes, such as excess moisture, and all may be influenced by factors in the community environment or by occupant behaviors. We make recommendations for developing programs and research efforts that address multiple housing problems in an integrated way, rather than categorically, and for closer collaboration between housing and public health programs.
Despite scientific progress in understanding the connection of health to housing, two aspects of current public and private efforts to ensure healthy housing may be hampering progress. First, such efforts have tended to be categorical, with each program addressing a narrow range of concerns, such as lead-poisoning prevention and injury prevention. Second, the connections between public health programs and programs to preserve and enhance the housing stock have become weaker than they once were.
This article provides an overview of health concerns related to the home environment, considers ways in which these diverse concerns are related to one another, and discusses some implications for research and for improvement of programs related to prevention of housing-related health problems. If relevant, the article draws on lessons learned from efforts to control exposure to leadcontaining paint, perhaps the most studied environmental hazard in housing.
Reference is also made to other articles in this issue of the Journal that address some of the specific concerns discussed below. The connections between health and housing are complex, and we have not addressed all aspects of the problem or any one aspect in great depth. Readers seeking additional information on this topic may refer to other reviews on health and housing in the biomedical and lay literature 1-3 and to detailed reviews of specific housing-related health concerns, many of which are cited here.
HOUSING CONDITION AND BASIC AMs163
Provision of safe water for drinking and personal hygiene, proper disposal of sewage, and facilities for safe food preparation and the absence of overcrowding 
RODENT AND INSECT PESTS
Rodents can transmit a number of communicable diseases to humans through bites, arthropod vectors, or exposure to aerosolized excreta. 62-64 In addition, humans can become sensitized to proteins in rodent urine, dander, and saliva.
Structural defects in housing can make it easier for rodents to enter the home environment. According to the American Housing Survey, 6 signs of rats in the last 3 months were reported in 2.7 million of the 97 million occupied units in the country. Surveillance of rat bite reports has been used in some jurisdictions to guide control efforts. Data from New York City in the mid-1970s showed rat bites generally occurred indoors, with young children at highest risk. The decline in rat bites over time was greatest in areas with active control programs. 65
The observed association between exposure to cockroach antigen and asthma severity has been noted already. In addition, cockroaches may act as vehicles to contaminate food and environmental surfaces with certain pathogenic organ- Use or disturbance of certain building materials can generate exposures to specific contaminants that are the cause of special health concerns. Examples include asbestos fibers, which can be liberated when old insulation is disturbed, and formaldehyde released from particle board or medium-density fiberboard. 75
Epidemiologic studies of miners exposed to high levels of radon in inhaled air show a dose-response relation for radon-induced lung cancer at high exposure levels. Though radon levels in living spaces of homes generally do not reach the levels found in these studies, extrapolation of these data has been used to estimate the excess risk of lung cancer attributable to exposure to radon gas at the lower levels found in homes. These estimates indicate that indoor exposure to radon accounts for approximately 10-14% of lung cancer deaths in the US. y6 Excessive exposures typically are related to home ventilation, structural integrity, and geographic location. Though there is regional variation in the proportion of homes with high indoor radon levels, radon concentrations can also vary among houses in a neighborhood, and high levels may be found in all regions. Measures to reduce indoor radon levels are triggered generally by radon testing, often at the time of property sales, but only 7% of households report having had a radon 
IMPLICATIONS FOR PUBLIC HEALTH AND HOUSING PROGRAMS
The relationships among individual housing-related health hazards and among the community environment, home environment, and occupant behaviors have important implications for developing future prevention programs and research.
In addition, some important lessons can be drawn from the fairly long history of efforts to understand and control lead hazards associated with housing.
INTEGRATED APPROACH
For households with the resources to obtain environmental assessment services privately, public education campaigns about healthy housing may prompt action to identify hazards in the home. In low-income urban communities, however, home visits by an environmentalist, housing inspector, outreach worker, or public health nurse may be required to identify problems. A substantial investment of time and effort is required just to schedule a visit, gain access to the home when the family is available, and complete a walkthrough inspection for a single hazard, such as lead. If the personnel carrying out home assessments are qualified and trained to identify multiple housing problems, the marginal cost of adding additional assessments, such as for fire or injury hazards, may be small relative to the overall inspection cost.
As with assessments, efficiencies may be gained in interventions by allocating certain relatively fixed costs of repairs, such as those for insurance, permits, and project management, to interventions that address several hazards at the same time.
Interventions that correct underlying causes may produce larger and more lasting health benefits in the long run. For example, roof repair to fix a moisture problem may not only prevent lead-containing paint from peeling in the future, but also reduce exposure to allergenic molds. Interventions that are more permanent may be more costly, however, and may not be feasible without pooling resources targeted at multiple health concerns.
While it seems a reasonable hypothesis that a more integrated approach to healthy housing is more cost effective, research and demonstration projects are 
COMMUNITY-LEVEL INTERVENTIONS
In designing and testing programs, it must be recognized that some housing problems cannot be addressed only in individual dwellings. Lead-contaminated soil and dust, for example, tends to cluster in communities, and both children and dust are mobile. Thus, strategies for addressing lead contamination at the neighborhood level, as well as in individual dwellings, need to be developed and tested.
NEED FOR CONTROLLED STUDIES
Controlled studies of the effectiveness of lead hazard reduction measures have revealed some interventions to be less effective than anticipated; others actually were harmful. Similarly, controlled studies are needed to evaluate the effectiveness and potential risks of new interventions aimed at other hazards. Controlled studies in the home environment entail challenges beyond those of clinical investigations. For example, in rental property, the consent of both occupants and property owner may be required, depending on the nature of the intervention.
The mobility of populations, especially low-income inner-city populations, may lead to contamination of study groups, as well as loss to follow-up. While it may be possible to address these challenges in individual-level studies, they also may indicate that community-level intervention is in order.
DIFFERING PRIMARY AND SECONDARY PREVENTION EFFECTS
Housing interventions may be carried out to prevent exposure and adverse health outcomes (primary prevention) or may be carried out in the homes of persons who have already developed a health condition to control further exposure and improve outcomes (secondary prevention). The impact of these approaches may differ substantially, and studies should be designed and interpreted with attention to the approach that is being evaluated. Correction of lead hazards prior to exposure of a child early in life may prevent the accumulation of a lead burden.
The same intervention carried out in the home of a lead-poisoned child may have less of an impact on blood lead due to release of lead from high bone stores. 84 Exposure to certain allergens early in life may lead to sensitization and perhaps the onset of asthma, while the same exposures later in life may trigger asthma attacks. The exposure-response relation for these two end points (asthma onset vs. asthma-exacerbating symptoms) may be different. A corollary would be that an intervention shown effective for primary prevention may not be effective for secondary prevention purposes and vice versa.
There may be cost implications as well. When lead paint hazards are addressed because of a child with an elevated blood lead level, arrangements for relocating the family and storing, moving, or covering furniture must be made with attendant costs and delays. Primary prevention interventions, on the other hand, may be carried out at opportune times, such as at the turnover of a rental unit or resale, when a vacant unit simplifies a safe intervention.
UNDERSTANDING EXPOSURE PATHWAYS
It is becoming increasingly easy to identify and measure environmental contaminants and other potential hazards in the home environment. However, environmental measurements in homes cannot guide public health action without an understanding of exposure pathways and the distribution of levels in the housing stock more generally. Here again, the lead example is instructive. Past intervention approaches that focused on paint removal and did not attend sufficiently to controlling lead-containing dust actually caused increases in lead exposure, sy'gs Similarly, developing effective measures for preventing exposure to allergens and harmful constituents of mold will require a thorough understanding of the pathways by which exposure occurs. 
COLLABORATION RETWEEN HOUSING AND PUBLIC HEALTH PROGRAMS
Public efforts to ensure safe housing have and will continue to have a major impact on public health. Stronger ties between housing and public health, as have existed in the past, would be helpful in a number of ways, including application of epidemiology and other public health sciences to the evaluation of housing programs; addressing emerging public health concerns in building and housing codes and providing this process with adequate surveillance data;
and training public health and housing professionals to recognize and communicate with each other about health and housing problems encountered in the context of existing programs, such as home visits, housing inspections, housing rehabilitation, and public health education.
CONCLUSION
Although basic living conditions have improved over the past century, the home environment can have an adverse impact on human health in a variety of interrelated ways, some of which remain to be discovered. To address housing-related health concerns, integrated approaches that can address multiple hazards at the levels of the community, the individual dwelling, and the occupants need to be developed and tested. To make the best use of available resources, home environmental concerns should be incorporated into larger programs to improve, preserve, and provide affordable housing and into existing public health and housing surveys. Closer collaboration between the public health and housing sectors, such as those that existed in the last century, will be required to bring about real progress.
